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Heat treatment of sulfidic ores, by introducing first gas or gas mixture from below through preferably 
central gas supply tube, which is at least partly surrounded by stationary annular fluidized bed, into 
mixing chamber of reactor 

Patent Assignee: OUTOKUMPU OY; OUTOKUMPU TECHNOLOGY OY; ANASTASIJEVIC N; RUNKEL 
M; STRODER M 

Inventors: ANASTASIJEVIC N; RUNKEL M; STRODER M; STROEDER M 
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Alerting Abstract: WOA1 

NOVELTY - Sulfidic ores are heat treated by introducing a first gas or gas mixture from below through a 
preferably central gas supply tube (3, 10) into a mixing chamber (7, 19) of the reactor, the gas supply tube being 
at least partly surrounded by a stationary annular fluidized bed (35, 36), which is fluidized by supplying fluidizing 
gas; and adjusting the gas velocities of the first gas or gas mixture and fluidizing gas for the annular fluidized bed. 

DESCRIPTION - Heat treatment of sulfidic ores, in which solids are treated at 450-(similar)1500(deg)C in a 
fluidized bed reactor (1), comprises introducing a first gas or gas mixture from below through a preferably central 
gas supply tube into a mixing chamber of the reactor, the gas supply tube being at least partly surrounded by a 
stationary annular fluidized bed, which is fluidized by supplying fluidizing gas; and adjusting the gas velocities of 
the first gas or gas mixture and fluidizing gas for the annular fluidized bed, such that the particle froude numbers 
in the gas supply tube are between 1-100, in the annular fluidized bed between 0.02-2, and in the mixing chamber 
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between 0.3-30. 

USE - The invention is for heat treatment of sulfidic ores, which contains gold, zinc, silver, copper, nickel, and/or 
iron, used as the starting material (claimed). The sulfidic ores include gold ore, and zinc blend or concentrate. 

ADVANTAGE - The invention can be carried out more efficiently, and is distinguished in particular by better 
roasting results along with good conditions for heat and mass transfer. It achieves excellent utilization of energy, 
and quick, easy, and reliable adjustment of the transfer of energy and the mass transfer to the requirements. 

DESCRIPTION OF DRAWINGS - The figure shows a process diagram of a method and a plant for heat 
treatment of sulfidic ores. 

1 Fluidized bed reactor 

3,10 Central gas supply tube 

7, 19 Mixing chamber 

9 Second reactor 

23 Separator 

26 Cooling device 

3 1 Hot-gas electrostatic precipitator 

32 Wet-gas treatment 

33 Cyclone 

35, 36 Stationary annular fluidized bed 
Technology Focus: 

METALLURGY - Preferred Component: The reactor is provided downstream with a second reactor (9), into 
which a gas mixture laden with solids is introduced from the first reactor from below through a preferably central 
gas supply tube into a mixing chamber. A cooling device (26) is provided downstream of the reactor(s), in which 
solids-laden gas mixture from the reactor is cooled to below 400, particularly (similar)380(deg)C. Provided 
downstream of the reactor(s), is a separator, e.g. a cyclone (33) from which solids separated from exhaust gases 
are supplied to the first and/or second reactor or to a further cooling device. 

Preferred Property: The particle froude number in the gas supply tube is between 1.15-20, particularly between 
3.95-1 1 .6. The particle froude number in the annular fluidized bed is between 0.1 1-1.15, particularly between 
0.1 1-0.52. The particle froude number in the mixing chamber is between 0.37-3.7, particularly between 0.53-1 .32. 

Preferred Method: The bed height of solids in each reactor is adjusted, such that the annular fluidized bed extends 
beyond the upper orifice end of the gas supply tube, and that solids are constantly introduced into the first gas or 
gas mixture, and entrained by the gas stream to the mixing chamber located above the orifice region of the gas 
supply tube. The reactor(s) is supplied with oxygen-containing gas, e.g. air with an oxygen content of (similar)20 
vol.% through the gas supply tube and/or into the annular fluidized bed. Heat is supplied to or extracted from the 
reactor(s) in the annular fluidized bed and/or in the mixing chamber. At least part of the exhaust gases separated 
from the solids in the separator (23) is supplied to the first and/or second reactor as fluidizing gas, in particular 
after treatment in a downstream gas cleaning stage, such as a hot-gas electrostatic precipitator (31) and/or a wet- 
gas treatment (32). At least part of the exhaust gases separated from the solids in the separator, is supplied to a 
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plant for producing sulfuric acid. Coarse-grained solids and/or roasting residue are drawn off, in particular 
discontinuously, from the annular fluidized bed of the first and/or second reactor, and passed on to a further 
cooling device. 

Main Drawing Sheet(s) or Clipped Structured) 

<IMG SRC="http://imagesrv.dialog.com/imanager/getimage? 

ref=I355d4920546fllda963b00008361346f&f=351&type=PNG"WIDTH="1038" HEIGHT="13437> 
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US Classification, Issued: 075444000, 266171000 
Original Publication Data by Authority 
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Publication Date: 2004071 4 

**METHOD AND PLANT FOR THE HEAT TREATMENT OF SULFIDIC ORES USING ANNULAR 
FLUIDIZED** 

Assignee: OUTOKUMPU OY (OUTO) 

Inventor: STRODER M ANASTASIJEVIC N RUNKEL M 

Language: EN 

Application: AU 2003296631 A 20031210 (Local application) 
Priority: DE 10260735 A 20021223 

Related Publication: WO 2004057041 A (Based on OPI patent ) 
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Publication Number: DE 10260735 Al (Update 200447 E) 
Publication Date: 20040715 
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Assignee: Outokumpu Oyj, Espoo, FI (OUTO) 
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Inventor: Stroder, Michael, Dr., 61267 Neu-Anspach, DE Anastasijevic, Nikola, Dr., 63674 Altenstadt, DE 

Runkel, Marcus, 55288 Partenheim, DE 

Agent: Keil Schaafhausen Patentanwalte, 60322 Frankfurt 

Language: DE 

Application: DE 10260735 A 20021223 (Local application) 
Original IPC: C22B-1/02(A) C22B-1/10(B) 
Current IPC: C22B-1/02(A) C22B-1/10(B) 

Original Abstract: Die Erfindung betrifft ein Verfahren und eine Anlage zur Warmebehandlung von sulfidischen 
Erzen, bei dem Feststoffe in einem Reaktor (1) mit Wirbelbett auf eine Temperatur von etwa 450 bis 1 500(deg)C 
erhitzt werden. Um die Energieausnutzung zu verbessern, wird vorgeschlagen, ein erstes Gas oder Gasgemisch 
von unten durch ein Gaszufuhrmotor (3) in eine Wirbelmischkammer (7) des Reaktors (1) einzufuhren, wobei das 
Gaszufuhrrohr (3) wenigstens teilweise von einer durch Zufuhr von Fluidisierungsgas fluidisierten, stationaren 
Ringwirbelschicht (35) umgeben wird. Die Gasgeschwindigkeiten des ersten Gases oder Gasgemisches sowie des 
Fluidisierungsgases fur die Ringwirbelschicht (35) werden derart eingestellt, dass die Partikel-Froude-Zahlen in 
dem Gaszufuhrrohr (3) zwischen 1 und 100, in der Ringwirbelschicht (35) zwischen 0,02 und 2 und in der 
Wirbelmischkammer (7) zwischen 0,3 und 30 betragen. 

Claim: 1. Verfahren zur Warmebehandlung von insbesondere sulfidischen Erzen, bei dem Feststoffe in einem 
Reaktor (** 1 **) mit Wirbelbett bei einer Tempe ratur von 450 bis etwa 1500(deg)C behandelt werden, **dadurch 
gekennzei chnet**, dass ein erstes Gas oder Gasgemisch von unten durch ein vorzug sweise zentrales 
Gaszufuhrrohr (**3**) in eine Wirbelmischkammer (**7** ) des Reaktors (** 1 **) eingefuhrt wird, wobei das 
Gaszufuhrrohr (**3**) wenigstens teilweise von einer durch Zufuhr von Fluidisierungsgas flui disierten, 
stationaren Ringwirbelschicht (**35**) umgeben wird, und das s die Gasgeschwindigkeiten des ersten Gases 
oder Gasgemisches sowie des Fluidisierungsgases fur die Ringwirbelschicht (**35**) derart eingeste lit werden, 
dass die Partikel-Froude-Zahlen in dem Gaszufuhrrohr (**3** ) zwischen 1 und 100, in der Ringwirbelschicht 
(**35**) zwischen 0,02 u nd 2 sowie in der Wirbelmischkammer (**7**) zwischen 0,3 und 30 betrage n.|DE 
10260735 B4 (Update 200546 E) 
Publication Date: 20050714 
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Agent: Keil Schaafhausen Patentanwalte, 60322 F rankfurt 

Language: DE 
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Claim: 1. Verfahren zur Warmebehandlung von insbesondere sulfidischen Erzen, bei dem Feststoffe in einem 
Reaktor (** 1 **) mit Wirbelbett bei einer Tempe ratur von 450 bis etwa 1500(deg) C behandelt werden, 
**dadurch gekennze ichnet**, dass ein erstes Gas oder Gasgemisch von unten durch ein vorzu gsweise zentrales 
Gaszufuhrrohr (**3**) in eine Wirbelmischkammer (**7* *) des Reaktors (**1**) eingefuhrt wird, wobei das 
Gaszufuhrrohr (**3** ) wenigstens teilweise von einer durch Zufuhr von Fluidisierungsgas flu idisierten, 
stationaren Ringwirbelschicht (**35**) umgeben wird, und da ss die Gasgeschwindigkeiten des ersten Gases 
oder Gasgemisches sowie de s Fluidisierungsgases fur die Ringwirbelschicht (**35**) derart eingest ellt werden, 
dass die Partikel-Froude-Zahlen in dem Gaszufuhrrohr (**3* *) zwischen 1 und 100, in der Ringwirbelschicht 
(**35**) zwischen 0,02 und 2 sowie in der Wirbelmischkammer (**7**) zwischen 0,3 und 30 betrag en. 
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Publication Date: 20051012 

** VERFAHREN UND ANLAGE ZUR WARMEBEHANDLUNG VON SULFIDISCHEN ERZEN UNTER 
VERWENDUNG EINER RINGWIRBELSCHICHT METHOD AND PLANT FOR THE HEAT TREATMENT 
OF SULFIDIC ORES USING ANNULAR FLUIDIZED PROCEDE ET INSTALLATION POUR LE 
TRAITEMENT THERMIQUE DE MINERAIS SULFURES AU MOYEN D'UN LIT FLUIDISE 
ANNULA1RE** 

Assignee: Outokumpu Technology Oy, Riihitontuntie 7, 02200 Espoo, FI (OUTO) 
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Original Abstract: The invention relates to a method and a plant for the heat treatment of sulfidic ores, in which 
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improve the energy utilization, it is proposed to introduce a first gas or gas mixture from below through a gas 
supply tube (3) into a mixing chamber (7) of the reactor (1), the gas supply tube (3) being at least partly 
surrounded by a stationary annular fluidized bed (35) which is fluidized by supplying fluidizing gas. The gas 
velocities of the first gas or gas mixture as well as of the fluidizing gas for the annular fluidized bed (35) are 
adjusted such that the particle Froude numbers in the gas supply tube (3) are between 1 and 100, in the annular 
fluidized bed (35) between 0.02 and 2 and in the mixing chamber (7) between 0.3 and 30.IN 200500755 P3 
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Publication Date: 20051007 

Assignee: OUTOKUMPU TECHNOLOGY OY; FI (OUTO) 
Inventor: STRODER M ANASTASIJEVIC N RUNKEL M 
Language: EN 

Application: WO 2003EP1 3984 A 2003 1210 (PCT Application) IN 2005MN755 A 20050708 (Local application) 
Priority: DE 10260735 A 20021223 

Original IPC: C22B-1/10(A) B01J-8/18(B) C22B-1 5/00(B) F27B-15/02(B) 
Current IPC: C22B-1/10(A) B01J-8/18(B) C22B- 1 5/00(B) F27B-15/02(B) 

Japan 

Publication Number: JP 200651 1704 W (Update 200625 E) 
Publication Date: 20060406 
Language: J A (16 pages) 

Application: WO 2003EP 1 3 984 A 2003 1210 (PCT Application) JP 200456 1 262 A 2003 1210 (Local application) 
Priority: DE 10260735 A 20021223 

Related Publication: WO 2004057041 A (Based on OPI patent ) 

Original IPC: C22B- 1 /00(B,I,H,98,20060 1 0 1 ,200603 1 0,C,F) C22B- 1/1 0(B,I,H,JP,20060 1 0 1 ,200603 1 0,A,F) 
C22B-1 1/00(B,I,H,98,20060 101, 200603 10,C,L) C22B-1 1/02(B,I,H,JP,20060 101, 200603 10,A,L) C22B-15/00 
(B,I,H,JP,20060 1 0 1 ,200603 1 0,A,L) C22B- 1 9/00(B,I,H,98,20060 iO 1 ,200603 1 0,C,L) C22B- 1 9/34 
(B,I,H,JP,20060 1 01 ,200603 1 0,A,L) C22B-23/00(B,I,H, JP,20060 1 0 1 ,200603 10,A,L) F27B- 1 5/00 
(B,I,H,98,20060 10 1 ,200603 1 0,C,L) F27B- 1 5/08(B,I,H. JP,20060 101 ,200603 1 0,A,L) F27B- 15/10 
(B,I,H, JP,20060 10 1 ,200603 1 0,A,L) F27B- 1 5/1 2(B,I,H,JP,20060 1 0 1 ,200603 1 0,A,L) 

Current IPC: C22B- 1 /00(B,I,H,98,20060 1 0 1 ,200603 10,C,F) C22B- 1 II 0(B,I,H,JP,20060 1 0 1 ,200603 1 0, A,F) 
C22B- 1 1 /00(B,I,H,98,20060 1 01 ,200603 1 0,C,L) C22B- 1 1 /02(B,I,H,JP,20060 1 0 1 ,200603 1 0,A,L) C22B- 1 5/00 
(B,I,H,JP,20060 1 0 1 ,200603 1 0,A,L) C22B- 1 9/00(B,I,H,98,20060 1 0 1 ,200603 1 0,C,L) C22B- 1 9/34 
(B,1,H, JP,20060 1 0 1 ,200603 1 0,A,L) C22B-23/00(B,I,H, JP,20060 1 0 1 ,200603 10, A,L) F27B- 1 5/00 
(B,I,H,98,20060 1 01 ,200603 10.CJL) F27B-1 5/08(B,I,H,JP,20060 1 0 1 ,200603 1 0,A,L) F27B- 15/10 
(B,I,H,JP,20060101,20060310,A,L) F27B-15/12(B,I,HJP,20060101,200603 10,A,L) 

Republic of Korea 
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Publication Number: KR 2005093802 A (Update 200648 E) 
Publication Date: 20050923 

Assignee: OUTOKUMPU TECHNOLOGY OY (OUTO) 
Inventor: STROEDER M ANASTAS1JEVIC N RUNKEL M 
Language: KO 

Application: WO 2003EP 13984 A 20031210 (PCT Application) KR 200571 1924 A 20050623 (Local 
application) 

Priority: DE 10260735 A 20021223 

Related Publication: WO 2004057041 A (Based on OPI patent ) 

Original IPC: C22B-1/10(A) B01J-8/18(B) C22B- 1 5/00(B) F27B 15/02(B) 

Current IPC: C22B-1/10(A) B01 J-8/18(B) C22B- 1 5/00(B) F27B-15/02(B) 

Norway 

Publication Number: NO 200503292 A (Update 200566 E) 
Publication Date: 20050914 

Assignee: OUTOKUMPU TECHNOLOGY OY (OUTO) 
Inventor: ANASTASIJEVIC N STROEDER M RUNKEL M 
Language: NO 

Application: WO 2003EP 13984 A 20031210 (PCT Application) NO 20053292 A 20050705 (Local application) 
Priority: DE 10260735 A 20021223 

Original IPC: B01J-8/24(A) C22B-1/10(B) F27B-15/00(B) 
Current IPC: B01J-8/24(A) C22B-1/10(B) F27B-15/00(B) 

United States 

Publication Number: US 20060230879 Al (Update 200670 E) 
Publication Date: 20061019 

**Method and plant for the heat treatment of sulfidic ores using annular fluidized** 

Assignee: Stroder, Michael, Neu-Anspach, DE Residence: DE Nationality: DE (STRO-I) Anastasijevic, Nikoka, 
Altenstadt, DE Residence: DE Nationality: DE (ANAS-I) Runkel, Marcus, Partenheim, DE Residence: DE 
Nationality: DE (RUNK-I) 

Inventor: Stroder, Michael, Neu-Anspach, DE Residence: DE Nationality: DE Anastasijevic, Nikoka, Altenstadt, 
DE Residence: DE Nationality: DE Runkel, Marcus, Partenheim, DE Residence: DE Nationality: DE 
Agent: MORGAN FINNEGAN, L.L.P., 3 WORLD FINANCIAL CENTER, NEW YORK, NY, US 
Language: EN 

Application: WO 2003EP13984 A 20031210 (PCT Application) US 2006540352 A 20060324 (Local application) 
Priority: DE 10260735 A 20021223 

Original IPC: C21B-1 1/00(B,I,H,US,20060101,20061019,A,F) C2 IB- 13/00(B,I,H,US,20060 10 1,20061 019,A,L) 

C2lB-7/00(B,I,H,US,20060lOl,2006lOl9,A,L)C22B-l/00(B,I,H,US,20060lOl,2006l019,A,L) 

Current IPC : C2 IB- 1 1/00(B,I,H,US,20060 1 0 1 ,2006 1019,A,F) C21B-1 3/00(B,I,H,US,20060 1 0 1 ,2006 1 0 1 9,A,L) 

C2 1 B-7/00(B,I,H,US,20060 1 0 1 ,2006 1 0 1 9,A,L) C22B- 1/00(B,I,H,US,20060 1 0 1 ,2006 10 1 9,A,L) 

Original US Class (secondary): 75444 266171 

Original Abstract: The invention relates to a method and a plant for the heat treatment of sulfidic ores, in which 
solids are heated to a temperature of approximately 450 to 1500(deg) C. in a fluidized bed reactor (**l**). In 
order to improve the energy utilization, it is proposed to introduce a first gas or gas mixture from below through a 
gas supply tube (**3**) into a mixing chamber (**7**) of the reactor (** 1**), the gas supply tube (**3**) being 
at least partly surrounded by a stationary annular fluidized bed (**35**) which is fluidized by supplying 
fluidizing gas. The gas velocities of the first gas or gas mixture as well as of the fluidizing gas for the annular 
fluidized bed (**35**) are adjusted such that the particle Froude numbers in the gas supply tube (**3**) are 
between 1 and 100, in the annular fluidized bed (**35**) between 0.02 and 2 and in the mixing chamber (**7**) 
between 0.3 and 30. 

Claim: 1.** 1**. A method for heat treating sulfidic ores, comprising treating s olids at a temperature of 450 to 
approximately 1500(deg) C. in a fluidi zed bed reactor, introducing from below a first gas or gas mixture thro ugh 
a gas supply tube into a mixing chamber of the reactor, the gas sup ply tube being at least partly surrounded by a 
stationary annular fluid ized bed which is fluidized by supplying fluidizing gas, and adjusting gas velocities of the 
first gas or gas mixture and the fluidizing gas f or the annular fluidized bed wherein the gas velocities have a 
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particle Froude number in the gas supply tube between 1 and 100, in the annular fluidized bed between 0.02 and 
2, and in the mixing chamber between 0. 3 and 30. 

WIPO 

Publication Number: WO 2004057041 Al (Update 200447 B) 
Publication Date: 20040708 

**METHOD AND PLANT FOR THE HEAT TREATMENT OF SULFIDIC ORES USING ANNULAR 
FLUIDIZED PROCEDE ET INSTALLATION POUR LE TRAITEMENT THERMIQUE DE MINERAIS 
SULFURES AU MOYEN D'UN LIT FLUIDISE ANNULAIRE** 

Assignee: -(except US)- OUTOKUMPU OYJ, Riihitontuntie 7, FIN-02200 Espoo, FI Residence: FI Nationality: 
FI (OUTO) -(only US)~ STRODER, Michael, Durerstrasse 77, 61267 Neu-Anspach, DE Residence: DE 
Nationality: DE -(only US)- ANASTASIJEVIC, Nikola, Zum Niddersteg 11, 63674 Altenstadt, DE Residence: 
DE Nationality: DE -(only US)~ RUNKEL, Marcus, Schmiedgasse 1, 55288 Partenheim, DE Residence: DE 
Nationality: DE 

Inventor: STRODER, Michael, Durerstrasse 77, 61267 Neu-Anspach, DE Residence: DE Nationality: DE 
ANASTASIJEVIC, Nikola, Zum Niddersteg 11, 63674 Altenstadt, DE Residence: DE Nationality: DE 
RUNKEL, Marcus, Schmiedgasse 1, 55288 Partenheim, DE Residence: DE Nationality: DE 
Agent: KEIL SCHAAFHAUSEN, Cronstettenstrasse 66, 60322 Frankfurt am Main, DE 
Language: EN (30 pages, 1 drawings) 

Application: WO 2003EP13984 A 20031210 (Local application) 
Priority: DE 10260735 A 20021223 

Designated States: (National Original) AE AG AL AM AT AU AZ BA BB BG BR BW BY BZ CA CH CN CO 
CR CU CZ DE DK DM DZ EC EE EG ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ 
LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NO NZ OM PG PH PL PT RO RU SC SD SE SG 
SK SL SY TJ TM TN TR TT TZ UA UG US UZ VC VN YU ZA ZM ZW (Regional Original) AT BE BG BW 
CH CY CZ DE DK EA EE ES FI FR GB GH GM GR HU IE IT KE LS LU MC MW MZ NL OA PT RO SD SE 
SI SK SL SZ TR TZ UG ZM ZW 

Original IPC: C22B-1/10(A) B01J-8/18(B) C22B-15/00(B) F27B-15/02(B) 

Current IPC: B0 1J-8/ 1 8(R,I,M.EP,20060 1 0 1 ,2005 1 008,A) B0 1 J-8/1 8(R,I,M,EP,20060 1 0 1 ,2005 1 008,C) B0 1 J- 
8/24(R,I,M 3 EP,20060 10 1 ,2005 1 008,C) B0 1 J-8/26(R,I,M,EP,20060 1 0 1 ,2005 1 008,A) B0 1 J-8/28 
(R,I,M,EP,200601 0 1 ,2005 1 008,A) C22B-1/00(R,I,M,EP,20060 1 0 1 ,2005 1 008,C) C22B- 1/10 
(R,I,M,EP,200601 0 1 ,2005 1 008,A) C22B- 1 5/00(R,I,M,EP,20060 10 1 ,2005 1 008,A) C22B- 1 5/00 
(R,I,M,EP,20060101,20051008,C) 

Original Abstract: The invention relates to a method and a plant for the heat treatment of sulfidic ores, in which 
solids are heated to a temperature of approximately 450 to 1500 (deg)C in a fluidized bed reactor (1). In order to 
improve the energy utilization, it is proposed to introduce a first gas or gas mixture from below through a gas 
supply tube (3) into a mixing chamber (7) of the reactor (1), the gas supply tube (3) being at least partly 
surrounded by a stationary annular fluidized bed (35) which is fluidized by supplying fluidizing gas. The gas 
velocities of the first gas or gas mixture as well as of the fluidizing gas for the annular fluidized bed (35) are 
adjusted such that the particle Froude numbers in the gas supply tube (3) are between 1 and 100, in the annular 
fluidized bed (35) between 0.02 and 2 and in the mixing chamber (7) between 0.3 and 30. L'invention concerne 
un precede et une installation destines au traitement thermique de minerals sulfures, dans lesquels des solides sont 
chauffes a une temperature comprise environ entre 450 et 1500 (deg)C dans un reacteur (1) a lit fluidise. Afin que 
l'utilisation d'energie soit amelioree, on propose d'introduire un premier gaz ou melange de gaz par le bas par un 
tube (3) d'alimentation de gaz dans une chambre de melange (7) du reacteur (1), ce tube (3) d'ali mentation de gaz 
etant partiellement entoure par un lit fluidise (35) annulaire stationnaire qui est fluidise par apport de gaz de 
fluidisation. Les vitesses de gaz du premier gaz ou melange de gaz ainsi que celle du gaz de fluidisation pour le lit 
fluidise (35) annulaire sont ajustees de facon que les nombres de Froude de particules soient compris entre 1 et 
100 dans le tube (3) d'alimentation de gaz, entre 0,02 et 2 dans le lit fluidise (35) annulaire, et entre 0,3 et 30 dans 
la chambre de melange (7). 

Derwent World Patents Index 
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jfp^ 79600Nm7h <H)&^, -&t^#: 
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12. lvol% S0 2 
77. 2vol% N 
2. 5vol% 0 5 

8. 2vol% H 2 0. 

#>&^;H7 43X3, J&jj&j% 1. 18bar 17350Nm 3 /h g^Utit-f it 13 4& 
AJSjft*9 fl-fSMfc, 

77. lvolX N 

20. 4vol% 0 2 

2. 5vol% H 2 0, 

&M-*jj%L<ftMW,FltiMf it 14#>&JL^ 25 TCfH; 5t/h HJ^^iL 
MB 9. ft 9 ^jU-^^T 19 t ^MPJ. 480°C , 

m^jtft 16,M^?K^^ 18 #»£&4BsP 21 9 

■%7tft 16 /fl i±^ia>1^ 400 , C o 

ifi£f> it 22 4UL&H 9 tJttlij^aA^ 380X:, ^i7^7 1. 018bar 
96200Nm7h ft ft W '•UM&'Mfr , ft *, 213. 5t/h ^ S^, * 

9. 4vol% S0 2 
77. 8vol°/o N 
5. 5vol% 0 2 
7. 3vol% H 2 0„ 

23 t, A^l§H4M^*#£4/ft* 96200NmVh A 
jt^*^L 50g/Nm 3 (4. 81t/h ^ £*U4i£^ * 30 itAft^'fe&i: 

IS- 31. ^-t^^it^. Mi^f^ 50g/Nm 3 , ^-OtdL^Lilita 
^ffrifc* 32 jfpT^^flfc^*-* 33. 

i&Jt# 380^^1^ 208t/h g^AUfcJ^fcJS- 23 & A^iT&iiit^ 
jK^H^II^t^W 25, &/&&T^£.^$fc: 76. 2t/hi£>M$- 
1 tiHUPSkffcA 35, 100. 9t/hStA|tJiiUft* 9 <ft»$iM£ 
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^36, 31t/h i&7vvjfUfc.,fc^#i£ 26. 

$ ii#t^^T^#^>J^^^^I^ 1 9 t^A^^'MI- 35 
^ 36 i$fcM;%&M-1>$\&) lm. &^^7t/ff 29 £j/M£,*MMPii 26 
t^^^^'H&f" 150t:^^JL, 1. 7MW ^^^T„ 

$.t 40. 8MW <H?&*, ##^^^^7^7 40bar, 400 

•C^; 55. 2t/h i±&i&ft. 

#M^#H26#{±!^/ 4: A^i!ti±^^#^i:il^ 31 ^^.X^ 
$H 30ttf&*l^M^ 4. 8t/h^SJL^^7 380r^ij^^ o 

36. 54t/h, SjL^3? 182TC. 

Witift^*4J.T>«^«.it^M'J>f 45 m m #Jfc#J;& 75% 

1. 8wt%^^L^^L^ 0 

T & ?'J i±! W @ : 



1 


(^-)iU*ll 


19 




2 




20 




3 




21 




4 




22 


•fit 


5 




23 




6 




24 


f it, 


7 




25 




8 


fat 


26 




9 




27 


■fit 


10 




28 


fit 


11 




29 




12 




30 


•fit 


13 




31 




14 


(m^)^f it 


32 




15 




33 




16 




34 


f it 
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17 flU^TfC/^ 35 Sf#i*,4MS. 

18 J&5^t}c^# 36 
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